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Abstract 
This paper empirically analyzes the effect of the indigenous R&D, introduction of technology on the energy 
consumption intensity in China, based on a panel of  31 industrial sectors for 1998–2006.The results show that 
indigenous R&D contributes to a significant decline of energy intensity in high energy-consuming intensity group 
and 31 industrial sectors，and has no significant effects on  energy consumption intensity in low energy-consuming 
intensity group. Foreign technology purchased has a significant negative influence on energy consumption intensity 
only in 31 industrial sectors. Domestic technology transfer has no significant impact on energy consumption intensity 
in all samples. This paper will interest those policy makers and industrial entrepreneurs who are willing to improve 
energy efficiency in the industrial sector. 
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1.  Introduction 
China has attached great importance to the decrease of energy consumption intensity in order to 
alleviate the dual pressures of energy and the environment. Technological progress and adjustment of 
economic structure are two effective ways of improving energy efficiency. In an open economy, there are 
two ways to achieve technological progress. One is independent research and development, and another is 
import technology from abroad. China's industrial energy consumption accounted for over 60 percent of 
China’s energy consumption, even more than 70 percent for individual years during the past ten years. 
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Therefore, improving the industrial energy efficiency has a direct impact on our energy conservation and 
emission reduction in China. 
Thus, do independent R&D, the introduction of foreign technology and domestic technology purchased 
influence China’s energy consumption intensity? How to decrease the industrial energy consumption 
intensity by technology imports? Do the absorption capacity of independent R&D impact on industrial 
energy intensity? This paper is to study these issues. The paper is organized as follows. Section one is the 
review of literature. Section two is model and data. Section three is econometrical test results. Section four 
concludes our research findings. 
2. Literature Review 
From the literature review, the vast majority of studies have concentrated on the relationship between 
technological progress and energy efficiency. Some scholars use data envelope analysis method to estimate 
the Malmquist productivity index, and then they decomposed the technological progress into technological 
progress, pure technical efficiency, as a proxy of technological advances (e.g. Li Lianshui and Zhou Yong, 
2006; Wang Qunwei and Zhou Dequn, 2008).Recently some literatures have analyzed the effect of R&D 
expenditure on energy consumption intensity. Liu Chang et al. (2008) found that the increase of 
expenditure on science and technology contributes to the improvement of energy efficiency in high energy-
consumption industries by using panel data on China’s 29 industrial sectors. Fisher-Vanden et al. (2006) 
found that the main reasons of reducing energy intensity are energy prices, R&D expenditure and industrial 
structure by using China's industrial sector data from 1997 to 1999. Some literatures use total R&D 
expenditure as a proxy for technological progress. The index is easy to statistics, but there are obvious 
defects. The total R&D expenditures can be divided into three parts: independent research and 
development, the introduction of foreign technology and domestic technology transfer. And there is 
different in the effect of R&D expenditure (independent R&D, the introduction of foreign technology and 
domestic technology transfer) on energy consumption intensity. But the literature which analyzes the 
impact of independent R&D, the introduction of foreign technology and domestic technology transfer on 
China's industrial energy intensity is limited. For the R&D expenditure have a major impact on energy 
intensity both in current and the next few years, so the stock of R&D expenditures is better than R&D 
expenditure flow. However, the existing literature used R&D expenditure flows. So this paper attempts to 
make an empirical analysis of the impact of the stock of R&D expenditures on energy efficiency in 
industries in China. 
3.  Model, Data and Method
3.1  Model 
Production function can be expressed as: 
 
γβα ELAKQ ,,=                                                               (1)  
Where Q is the output, A is the total factor productivity (TFP), K is the capital stock, L is the 
employment, E is the energy consumption. Assuming constant returns to scale, Production Cost can be 
expressed as: 
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Where PL, PK, PE, and PM is respectively defined as the price of  labor, capital, energy and raw 
materials, βL, βK, βE and βM respectively represent  the elasticity labor, capital, energy and raw materials 
price.According to Shepard's lemma, after making PE-derivation, equation(2) can be changed to the 
following as : 
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Make , EI is defined as the energy consumption intensity. Equation(3) can be 
changed to the following as: 
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After taking logarithm on both sides, equation(4) can be changed to the following as: 
   )ln()/ln(ln 210 TFPPPEI QE βββ ++=                                          (5) 
Based on Equation (4), if the total factor productivity (TFP) is defined as:  
                                                  (6) ε+= ),,( grdzrdfrdfeTFP
Where frd , zrd and grd is respectively defined as the introduction of foreign technology, indigenous 
R&D and domestic technology purchased. According to the approach (Hu et al., 2005), The function of  
f(●) is defined as: 
       )ln()ln(ln(frd)( 321 grdzrdf λλλ ++=•）                   (7)  
Then equation (5) can be changed to the following as: 
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The paper adds to the human capital which plays a key role in technology spillovers (Caselli and 
Coleman et al., 2001), industry structure within the industry and the level of FDI entry which also affects 
the energy efficiency. So equation (8) can be changed to the following as: 
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R&D investments have promoted the increase of innovation capability and absorptive capacity (Cohen 
and Levinthal, 1989). We examine the effect of the absorption capacity of independent R&D on industrial 
energy intensity through the interaction of independent R&D investment and domestic technology 
transfer, independent R&D investment and foreign technology. So equation (9) can be changed to the 
following as: 
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Where i and t is the industry sector and time periods, β0 is intercept, εit is random error, β1，β2, …β9 is 
regression coefficients. According to equation (10), we can measure the impact of the absorption capacity 
of independent R&D on industrial energy intensity. 
3.2  Data 
Given data availability and integrity, the paper removes three monopolistic industries (electricity, heat 
production and supply, gas production and supply, water production and supply industry), the three 
missing data industries (other mining, petroleum and natural gas, timber and bamboo harvesting industry 
and other manufacturing) from 39 industry sectors, and then get food processing and manufacturing by 
combining food processing industries and food manufacturing. A panel dataset of 31 industries from 1998 
to 2007 is collected for analysis. 
Data of R&D expenditure in the industry sectors are not available in any Statistical Yearbook of China. 
The R&D expenditure of medium-sized industrial enterprises above the scale is hence an approximate 
proxy of R&D expenditures in this study. We collect annual research and development expenditure data in 
the industry sectors from China Science and Technology Statistical Yearbook.  
The R&D expenditure of industry sectors includes internal expenditures for technology development 
and other technical activities expenditures. Internal expenditures for technology development includes 
costs of labor, raw material costs, fixed assets acquisition and construction costs for the development of 
new products etc., and other technical activities includes technological innovation expenditures, funding 
for technology introduction, digestion and absorption expenditures, the purchase of domestic technology 
expenditures and other projects. This paper will divide total industrial R&D investment into independent 
R&D investment which include internal expenditures for technology development and technological 
innovation expenditures, the introduction of foreign technology which include funding for technology 
introduction, digestion and absorption expenditures, and domestic technology transfer which include the 
purchase of domestic technology expenditures. We use perpetual inventory method to calculate R&D 
stocks from R&D expenditures, I,  as follows. R&D stocks, , are defined as at the beginning of the itR
year: 
             1,)1( −−+= titit RIR δ                                                        (11) 
Where δ is the depreciation rate while assuming a depreciation rate is 25 percent. Assuming that the 
average growth rate of all R&D expenditures before 1998 is g, and the R&D stock of every sector in 1998 
can be expressed as: 
)/()1( δ++= ggIR tt                                                       (12) 
According to the approach (Wu Yanbing, 2008), we assume that the average growth rate (g) is 5 
percent and δ is 25 percent. 
111 5.3%)25%5/(%)51( IIR =++=                                 (13) 
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The indigenous R&D stocks in 1998 are calculated according to the formula (13). We use the same 
method to estimate the foreign technology stocks and domestic technology transfer stocks in 1998. 
Real R&D expenditures are obtained by deflating nominal expenditures by a R&D price index. Data of 
R&D deflators are not available, therefore, according to the formula (Zhu Pingfang et al., 2003), R&D 
deflators, RDI, are defined as:   
 
PICIRDI 45.055.0 +=                                                         (14) 
Where CI is the consumer price index and PI is the price index of fixed capital investment. The 
indigenous R&D stocks, the foreign technology stocks and domestic technology transfer stocks from 1999 
to 2005 are calculated according to the formula (12). 
EI is energy consumption intensity.The energy consumption intensity is obtained by divided industry 
sectors added value by energy consumption. State Council Research and Development Center's website 
provides the data of the added value and producer price index of each sector. The added values are 
transformed into 1998 prices with producer price index deflators. Data of energy consumption are available 
in the China Energy Statistical Yearbook for each sample year. 
PE/PQ is the energy relative price. The energy relative price is the ratio of the fuel and power price 
index to producer price index. The data of energy price index and fuel and power price are available in the 
China Statistical Yearbook for each sample year. 
H is human capital. We use the national population average years of education to represent industrial 
human capital in this study for data of average years of education in industrial employees aren’t available. 
The population average years of education are calculated according to the approach (Fu Xiaoxia and Wu 
Lixue, 2006). The data of years of education are collected from China Statistical Yearbook.  
FDI is defined as the entry extent of foreign direct investment. The ratio of foreign capital enterprises 
added value to all state and non state-owned industrial enterprises above the scale of industrial added value 
represents the entry extent of foreign direct investment in every sector. 
BZ is defined as the internal structure of industrial sectors. The ratio of industrial value added of high 
energy intensity sectors to industrial added value of 31 industries (at current prices) represents the internal 
structure of industrial sectors. 
3.3 Method  
The panel data include time series data and cross-sectional data. Due to heteroscedasticity and serial 
correlation, OLS is of failure. We use the software Eviews 6.0 to solve the issue. 
3.4  Econnometrical Test Results 
1) Cluster analysis of industrial energy consumption intensity   
As the production process, technical standards and the extent of opening up are different in the 
industries, energy consumption intensity of each sector is quite different. In order to clear analysis the 
impact of indigenous R&D, introduction of technology  on industrial energy consumption intensity, we 
use the software SPSS 16.0 to divide the 31 sectors into two sections based on the annual average energy 
consumption intensity in sample years. The two sections are called high energy-consumption intensity 
group and low-energy consumption intensity group.  
2) Results  
According to Hausman test results, fixed effect model are selected when the Hausman test value is at 
1% significance level or random effects model are chosed. Explaining variables are not related with 
perturbed variables in the random effects model, so the paper directly choose the fixed effects model. 
Three Panel Data Models are constructed based on equation 9. Estimation results are reported in Table 1.  
2024  Yuhua Teng / Energy Procedia 16 (2012) 2019 – 2026
Author name / Energy Procedia 00 (2011) 000–000 
Table 1.  Econometrical test results 
Explaining
 Variable 31
Industries
High  
Energy-
consumption 
 Intensity group 
Lower  
Energy-
consumption 
 Intensity group 
-0.618 -5.802 2.769＊＊＊ 
ln(PE/PQ) （-0.776） （-1.415） （6.611） 
-1.215＊＊＊ -4.330＊＊ -1.081＊＊＊ 
H （-3.290） （-2.245） （-6.087） 
0.521＊＊＊ 6.439＊＊ 0.343＊＊＊ 
FDI （6.665） （2.524） （13.490） 
-1.432 -1.588 -0.316 
BZ （-1.671） （-0.439） （-0.702） 
0.038 0.107 0.050 
ln(cgrd) （1.300） （1.219） （0.683） 
-0.498＊ -1.269 -0.248 
ln(cfrd) （-1.865） （-1.022） （-1.632） 
-1.449＊＊＊ -6.753＊＊ 0.092 
ln(czrd) （-2.594） （-2.033） （0.339） 
R2 0.686 0.322 0.791 
D.W. 1.666 2.230 1.757 
a.***,** and * represent Statistical significance at 1%, 5% and 10% levers respectively.  
b.The samples are 279, 90 and 189 respectively.The paper omits the constant term of each model. 
Table 2 reports the results that the relationship between energy intensity and independent R&D, 
technology transfer is significantly different in industries. Independent R&D has a significant negative 
effect both in the 31 industrial sectors and high energy-consumption intensity group, while independent 
R&D does not significantly affect energy intensity in low energy-consumption intensity group. The 
introduction of foreign technology has a significant negative impact on the energy intensity in the 31 
industrial sectors, while it has no significant impact on the energy intensity both in the high energy-
consumption intensity group and low energy-consumption intensity group. Domestic technology transfer 
has no statistically effect on energy intensity in all samples. 
From table 2, it can be found that the coefficients of relative energy price are significantly negative only 
in low energy-consumption intensity group. Human capital has a significant and negative effect in all 
samples, which means that the improving human capital will help to reduce industrial energy consumption 
intensity. Moreover, the estimated elasticities of FDI with respect to the energy consumption intensity are 
significantly negative. 
Three Panel Data Models are constructed based on equation 10. Estimation results are reported in Table 
2. 
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Table  2.    Econometrical test results 
Explaining
Variable
31
Industries
High  
Energy-consumption 
 Intensity group 
Lower  
Energy-
consumption 
 Intensity group 
-0.189 -5.167 2.826＊＊＊ 
ln(PE/PQ) 
（-
0.253） （-1.223） （6.855） 
-1.316＊＊＊ -5.011＊＊ -1.028＊＊＊ 
H 
（-
3.695） （-2.415） （-5.897） 
0.479＊＊＊ 6.012＊＊ 0.357＊＊＊ 
FDI （7.214） （2.209） （13.999） 
-1.677＊＊ -2.518 -0.432 
BZ 
（-
2.128） （-0.657） （-0.977） 
-1.751＊＊ -1.988 -0.562 
ln(cgrd) 
（-
2.155） （-0.735） （-0.863） 
2.257＊＊ 5.239 -0.912 
ln(cfrd) （2.012） （0.954） （-1.289） 
-1.063 -4.935 -0.671 
ln(czrd) 
（-
1.346） （-1.111） （-1.655） 
0.141＊＊ 0.165 0.040 
ln(cgrd)*ln(czrd) （2.193） （0.770） （0.835） 
-0.167＊＊ -0.370 0.040 
ln(cfrd)* 
ln(czrd) 
（-
2.347） （-1.236） （0.882） 
R2 0.696 0.323 0.800 
D.W. 1.740 2.276 1.749 
a.***,** and * represent Statistical significance at 1%, 5% and 10% levers respectively.  
b.The samples are 279, 90 and 189 respectively. The paper omits the constant term of each model. 
From table 2, it can be found that the interaction coefficient of independent R&D and foreign 
technology in the 31 industrial sectors is significantly negative while the interaction coefficients both in 
high and in low energy-consumption intensity group are not significant, which denotes that the relationship 
of independent R&D and foreign technology is complementary in the 31 industrial sectors, and increasing 
foreign technology will contribute to the decrease of industrial energy consumption intensity.  
As shown, the interaction coefficient of independent R&D and purchase of domestic technology in the 
31 industrial sectors is significantly negative while the interaction coefficients in high or low energy-
consumption intensity group are not significant. The results suggest that the relationship of independent 
R&D and purchase of domestic technology is alternative in high or low energy-consumption intensity 
group, and increasing purchase of domestic technology will not help the decline of energy intensity in low 
or high energy-consumption intensity group. 
2026  Yuhua Teng / Energy Procedia 16 (2012) 2019 – 2026
Author name / Energy Procedia 00 (2011) 000–000 
4. Conclusion 
The results show that indigenous R&D contributes to a significant decline in energy intensity in high 
energy-consuming intensity group and 31 industrial sectors and has no significant effects on low energy-
consuming intensity group. Foreign technology purchased has a significant negative influence on energy 
consumption intensity only in 31 industrial sectors. And domestic technology transfer has no significant 
impact on energy consumption intensity in all samples.  
These results also reveal that the independent R&D and foreign technology is complementary in the 31 
industrial sectors, and increasing foreign technology will contribute to the decrease of industrial energy 
consumption intensity. At the same time, independent R&D and purchase of domestic technology is 
alternative in the 31 industrial sectors, and increasing  purchase of domestic technology will not help the 
decline of energy intensity in low or high energy-consumption intensity group. 
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